• Solvent (10% cthanol) (4 /tliters/larva) injected at indicated time. b Ecdysoiu* at the rate of 1.0 /ig/larva given at indicated time.
duction of ecdysone; larval tissues remained responsive to the hormone. The International Rice Research Institute, Los Banos, Laguna, The Philippines ABSTRACT The rice brown planthopper, Nilaparvata lugens (Stal), a major pest of rice in most of Asia, underwent optimum development at 25 and 29°C, but 33°C was detrimental to all life stages. However, this effect was moderated considerably by rearing the insects at 12-hour alternations of 25° and 33 °C or 29° and 33 °C.
While high planthopper populations caused "hopper burn," lower infestations reduced the number of tillers, number of panicles, and total grain weight of the plants. Unfilled grains resulted from infestation during the reproductive growth stage of plants but not from infestation during the vegetative phase. There were distinct differences in the susceptibility of 20 selected varieties to this species. While some of these varieties were less preferred by the insect and showed some antibiosis effects, tolerance to hopper burn appeared to be the major factor in the differences of susceptibility. There were no apparent correlations between the resistance of these varieties to the brown planthopper and their resistance to the rice green leafhopper. is one of the most destructive insect pests of the rice crop in Asian and Pacific regions. Besides frequently causing "hopper burn" (Kisimoto 1960 , Cendana and Calora 1964 , Hinckley 1963 it also is the vector of grassy stunt rice virus disease (Rivera et al. 1966) .
In Japan, Harukawa (1951) , Kuwahara (1956) , Suenaga (1963) , and Mochida (1964) , studied the bionomics of this insect pest. However, in the tropics, [Vol. 63, no. 1 where the insect appears to be a more serious problem than in Japan, the available information is meager. This paper describes the results of laboratory and greenhouse experiments on the insect's life history, its damage to the rice plant, and differences in the susceptibility of rice varieties to this species.
MATERIALS AND METHODS
Studies on Life Cycle.-The insects were reared on 40-to 60-day-old potted plants of the rice selection 'IR9-60' in 72x72xl00-cm fine-mesh cages with glass doors. The initial colony was started from a field collection made at the experimental farm of The International Rice Research Institute (IRRI). Studies on the life history were conducted on 40-to 50-day-old plants in the greenhouse. Experiments also were conducted at controlled temperatures in incubators on 10-day-old seedlings growing in 20x200-mm test tubes.
To obtain eggs of about the same age, five 5-dayold females were caged for 6 hr near the base of plants. The cages used were 4.5x4.5x2-cm plastic boxes with nylon-mesh-covered openings on 2 sides. Five caged plants were placed in a greenhouse and another 5 in a glass-shaded area outside the greenhouse. The percents of hatched eggs and their incubation periods were determined by recording the number of newly hatched nymphs in each cage every morning for up to 15 days, when the plants were dissected and unhatched eggs were counted under a binocular microscope. The rate of survival and longevity of various instars were studied by caging batches of 5 freshly hatched nymphs on individual plants. Fifty nymphs of each instar were used for these observations.
To study the life span of adults, 5 pairs of newly emerged macropterous adults were introduced into a cag-e and periodic observations were made on their mortality. Nymphs produced by these pairs were eliminated to prevent crowding inside the cages, and the surviving adults were transferred to healthy stems at 10-to 15-day intervals. Fifty 9 and 50 $ were studied in each treatment.
200
Brown Planthopper Damage to Rice Plants.-Individual potted plants of the variety 'Taichung (Native)!' at 25, 50, and 75 days after transplanting were, in separate experiments, infested with 50, 100, 200, and 400 lst-stage nymphs or 4, 8, 16, and 32 niacropterous adult planthoppers. Thus plants of each age were caged separately with each of the insect populations used. The experiment was conducted in 4 replications. When the plants in any treatment started wilting because of planthopper feeding, insects in all treatments were killed with an insecticide spray and the plants were grown to maturity to obtain data on their yield components.
Screening Rice Varieties for Brown Planthopper Resistance.-A field plot planted to 1351 rice varieties (selected from the 10,000 varieties that had been screened for stem borer resistance) was sampled for brown planthopper populations at 50 and 70 days after transplanting (International Rice Research Institute 1966) . Twenty varieties showing high, moderate, and low infestations were selected for more intensive evaluations of their resistance to the planthopper.
The differential preference of the insect for a variety was investigated by releasing ca. 1000 adult plant- [Vol. 63, no. 1 hoppers in a 2.5x3.0x3.0-m fine-mesh screen cage containing 8 potted plants of each variety. The numbers of adult planthoppers and their eggs were recorded on each plant at 5 and 15 days after infestation. The number of eggs was determined under a binocular microscope by dissecting a randomly selected tiller from each hill detached at 2 and 4 cm from ground level. The oviposition site was easily recognized by the leaf tissues which had turned brown around the oviposition puncture marks.
The fecundity of and the damage caused by the planthopper was studied by caging 20 first-stage nymphs on individual potted plants of the selected varieties at 30 days after transplanting. The number of insects and the degree of plant damage were observed periodically. 
Life History Stages under Various Environmental
Conditions.-Outside the greenhouse, the egg incubation period ranged from 7 to 10 days and averaged 7.3 days. Maximum hatching frequency occurred on the 8th day after oviposition. The nymphal stages lasted 13-15 days or an average of 14.6 days. Macropterous males and females lived 12.8 and 17.8 days, respectively. Inside the greenhouse the nymphal period was prolonged and the adult stage, particularly in males, was shortened (Fig. 1) . A lower percentage of eggs hatched and fewer nymphs survived inside than outside the greenhouse.
The temperature and relative humidity in and out of the greenhouse were:
Temp °C % RH Range Avg Range Avg Greenhouse 19-38 28.9 30-100 79.5 Glass-shaded area 19-33 27.3 36-100 77.0 The detrimental effects of high temperature on brown planthoppers were confirmed in further experiments conducted at constant temperatures of 25°, 29°, and 33°C and at 12-hr temperature alternations of 25° and 29°C, 25° and 33°C, and 29° and 33°C. Both male and female planthoppers had the longest life spans at 25°C, females living longer than males. However, at higher temperatures the longevity of females declined considerably. At 33°C the average longevity of male and female planthoppers was 3.9 and 4.1 days, respectively, as compared with 11.6 and 18.6 days at 25°C. The deleterious effect of 33°C was not reduced even when the insects were kept at this temperature for only 12 hr and at either 29° or 25°C during the remaining 12 hr (Table 1) .
Oviposition usually occurred in the leaf sheath tissues near the plant base or in the ventral midribs of leaf blades. The eggs were laid in masses with the number of eggs in an egg mass ranging from 1 to 27. The average number of eggs laid was 244.2/female. At 29°C this average declined to 86.8, and at 33°C no oviposition occurred. However, some oviposition occurred if newly emerged adults were first kept for 4 days at either 25° or 29°C and thereafter at 33°C. This result indicated an increase in tolerance to higher temperatures in older insects. More than 90% of eggs incubated at 25° or 29°C, or their combinations, hatched in an average period of 7 days, but no eggs hatched when incubated at 33°C. Exposure to 33°C, even in combination with 25° or 29°C, reduced hatching significantly and increased the incubation period (Fig. 2) . There was no apparent difference in survival and rate of growth of nymphs when reared at 25° or 29°C or their combinations. At these temperatures about 90% of nymphs reached the adult stage in an average period of 2 weeks, but at 33°C no nymphs survived beyond the 2nd instar. Also, their survival was greatly reduced and the nymphal period was prolonged considerably even at alternating temperatures of 25° and 33°C or 29° and 33°C. All instars appeared to have equally retarded growth rates at these temperature combinations.
The deleterious effects of higher temperatures may explain the lower survival of planthoppers inside the greenhouse where the maximum temperature was ca. 5°C higher (reaching up to 38°C) than outside. These results also imply that brown planthopper populations remain low in areas where temperatures fluctuate beyond 33°C. That the incubation period of eggs was shorter at 12-hr alternating temperatures of 25° and 29°C than at either of these temperatures alone suggests that fluctuating temperatures, such as those which occur during day and night, are more suitable for egg development than are constant temperatures. Furthermore, although all eggs failed to hatch at 33°C, ca. 76% hatched when 33°C was alternated with either 29° or 25°C. These results demonstrate that eggs have greater tolerance to higher temperatures than do nymphs or adult brown planthoppers.
The egg incubation period in these experiments was slightly shorter than those reported by Kuwahara (1956) and Suenaga (1963) . These differences may have been due to differences in temperature responses between planthopper populations in the Philippines and those in Japan. That 29°C was more suitable for egg hatching than 25°C agrees in general with results obtained by Kuwahara (1956) and Suenaga (1963) who reported a positive relationship between developmental velocity of brown planthopper eggs and temperatures of 12.9-29.5°C. They also reported that temperatures beyond these slowed egg development and caused low percentages of hatching.
Damage to Rice Plants.-The damage caused to the rice crop by the brown planthopper is usually manifested as "hopper burn." Even small populations cause significant losses, as proved by a series of experiments in which plants of different ages were exposed to different levels of planthopper populations.
The plants caged with 400 first-stage nymphs 25 days after being transplanted started wilting 2 days after infestation. Although we killed the insects at this stage, all plants infested with 400 nymphs, and 3 out of 4 replications of those infested with 200 nymphs, died (Table 2) . Observations made 60 days after infestation showed that the numbers of tillers and panicles of plants infested with 200 nymphs were much less than those caged with 50 and 100 nymphs and those of the control. The 50-and 100-nymph treatments showed only small plant-height differences.
Plants infested at 50 and 75 days after being trans- 1  2  1  3  2  2  1  2  2  2  2  2  2  3  4  4  2  3  3  3   b   Plant  damage   1  2  2  2  1  2  2  2  2  2  3  2  2  3  3  4  2  3  2  2   Infestation  index   0   6  6  9  11  7  11  8  9  9  11  12  11  12  14  15  16  12  15  14  15 "About 4000 macropterous adults were released in a 2.5X3. planted were more tolerant to damage by direct feeding than plants infested earlier. Plants caged with 400 nymphs started wilting ca. 2 weeks after infestation, but recovered when the insects were killed at this stage. Infestation of these plants with 50 nymphs for 2 weeks did not significantly reduce plant height, number of tillers, or number of panicles per plant. However damage increased with larger nymphal populations ( Table 2 ). The plants infested at 50 and 75 days after being transplanted showed high percentages of empty grains, an effect not recorded on plants infested 25 days after transplanting. High levels of insect populations on test plants of all ages reduced the number of tillers, number of panicles, and total grain weight per plant (Fig. 3) . Since damage other than hopper burn does not produce any characteristic symptoms (Fig. 4) , field losses by comparatively low levels of planthopper populations frequently are not noticed.
Differences in Varietal Susceptibility.-There were distinct and highly significant differences in the number of brown planthopper adults present on different test varieties. The insect population on varieties 'Garunbalay, 5 TKM6,' 'Shoa-hi-den/ and 'Panduruwee' was 4-5 times lower than on varieties 'I-geo-tze,' 'JC-149,' and Taichung (Native) 1 (Table 3) . Since the insects had their choice of these varieties in 4 replications, higher populations on some varieties obviously denote preference for those varieties. Also, there was a positive correlation (r -0.54) between the number of planthoppers and the number of eggs laid on these varieties. However, some varieties such as Garunbalay, Shoa-hi-den, and Panduruwee had comparatively low adult populations but a relatively high number of eggs. This observation indicates that although the latter varieties were less preferred hosts, they apparently did not inhibit oviposition by the planthoppers on them. Furthermore, there were marked differences in the population buildup from 20 freshly hatched nymphs caged on individual plants of these varieties. These differences in the abil'ty of nymphs to develop and multiply on various test varieties indicate the persence of an "antibiosis" resistance factor (Painter 1951 ) in these varieties. It is significant that some varieties showing low nymphal survival were also less preferred by the adult planthoppers (Table 3) . In another replicated experiment, va. ieties 'IR-8,' TKM-6, and Garunbalay suffered minimum plant damage from insect infestations heavy enough to severely damage other test varieties (Table 4) . The comparatively large number of planthoppers recorded on these varieties, which had low infestation in previous experiments, was apparently because after the destruction of more suitable hosts these varieties became the only available hosts. The fact that these varieties, even under such severe infestations, were less damaged than other varieties confirms their tolerance to the brown planthopper.
Following the same procedure, these varieties were also tested for their susceptibility to the rice green leafhopper, Ncphotcttix impicticcps (Motschulsky). Lower numbers of leafhoppers were recorded on varieties 'HBJ-2,' Garunbalay, IR-8, 'CM-7-6,' and TKM-6, while considerably larger numbers were recorded on 'Hill Med Sel 131/ I-geo-tze, Taichung (Native) 1, and 'Rexoro.' Also these latter varieties were severely damaged while IR-8, TKM-6, and HBJ-2 remained comparatively less affected (Table 4 ) . The tolerance of the Garunbalay variety to brown planthopper damage but not to the green leafhopper suggests differences in the nature of its varietal resistance to these pests. It is also highly significant that several varieties tolerant to the brown planthopper were also less damaged by the green leafhopper.
